ABSTRACT A new 2.8È3.8 km spectrum of the carbon-rich protoplanetary nebula CRL 618 conÐrms the previous detection of a circumstellar 3.4 km absorption feature in this object (Lequeux & Jourdain de Muizon). The high resolution and high signal-to-noise ratio of our spectrum allow us to derive the detailed proÐle of this absorption feature, which is very similar to that observed in the spectrum of the Galactic center and also resembles the strong 3.4 km emission feature in some postÈasymptotic giant branch stars. A weak 3.3 km unidentiÐed infrared band, marginally detected in the CRL 618 spectrum of Lequeux & Jourdain de Muizon, is present in our spectrum. The existence of the 3.4 km feature implies the presence of relatively short-chained, aliphatic hydrocarbon materials in the circumstel-(ÈCH 2 È/ÈCH 3^2 È2.5) lar environment around CRL 618. It also implies that the carriers of the interstellar 3.4 km feature are produced at least in part in circumstellar material, and it calls into question whether any are produced by the processing of interstellar ices in dense interstellar clouds, as has been previously proposed. Other features in the spectrum are recombination lines of hydrogen, rotational and vibration-rotation lines of molecular hydrogen, and a broad absorption probably due to a blend of HCN and bands. C 2 H 2
. & Jourdain de Muizon (1990) a 3.1È3.8 Lequeux obtained km spectrum of the object in a 5A aperture, which detected lines of atomic and molecular hydrogen and an absorption band near 3.4 km. Their spectrum is the Ðrst evidence that circumstellar carbonaceous dust can carry a 3.4 km absorption feature like that seen in the di †use interstellar medium along several sightlines et al. (Butchart 1986 ; Adamson, Whittet, & Duley et al. et 1990 ; Sandford 1991 ; Pendleton al. and in other galaxies et al. 1994 ) (Wright 1996 ; Bridger, Wright, & Geballe 1993 1989) . and extract from the Murchison meteorite provide the closest matches to the interstellar feature. The presence of the 3.4 km absorption feature in the spectrum of interstellar dust is often cited as evidence for the importance of dust formation in the ISM through UV processing of grain mantles in the interstellar medium (see, e.g., Greenberg 1989).
The spectrum from & Jourdain de Muizon Lequeux is of insufficient quality to permit a detailed compari- (1990) son with the proÐles observed in the di †use ISM. In order to better characterize the 3.4 km absorbing material around CRL 618, we have obtained a 2.8È3.8 km spectrum of the core region of CRL 618 at higher resolution (R D 1200) and sensitivity than the previously published spectrum. In addition, we have obtained a 2.8È3.5 km spectrum of the visually obscured carbon star IRC ]10216 for comparison with CRL 618. The observations and data reduction are described in°2, the spectral features are described in°3, and the origin and evolution of the 3.4 km absorption feature is discussed more thoroughly in°4. A CGS4 spectrum of CRL 618 between 2.03 and 2.45 km measured on UT 1993 January 19 with CGS4 was used to obtain the Brc Ñux. At that time the instrument contained a 62 ] 58 pixel array with a pixel subtending a square on 3A .1 the sky. The continuum peak was centered in the slit, which was oriented east-west, and the spectrum of the brightest row was extracted from the array. Flux calibration, again accurate to^20%, was obtained from a similarly extracted spectrum of HR 2233 (F6 V, K \ 4.3 mag assumed), and wavelength calibration was derived from the spectrum of an argon lamp.
Second-and third-degree continuum Ðts were carried out on the CRL 618 Ñux-calibrated 3 km spectrum in order to determine if the proÐles of features at 3.0 km (absorption), 3.3 km (emission), and 3.4 km (absorption) are a †ected by choice of continuum Ðt. There is little di †erence between the optical depth spectra calculated using either the second-or third-degree continuum. As the third-degree continuum appears to provide a better Ðt to the entire spectrum ( Fig. 1) , it is used to produce the optical depth spectra that follow. A blackbody, with T \ 525 K, was used to produce the optical depth spectrum of IRC ]10216 (Fig. 3) . Pfund series, and rotation-vibration as well as pure rotational lines of Tables and list these Table 2 Visual extinction is estimated assuming the average interstellar extinction law deduced by & Whittet Martin (1990) . Our extinction estimates are within the range of (Table 2) values (60È100 mag) given by & Jourdain de Lequeux Muizon however, the visual extinction estimates (1990) ; increase with wavelength, thus our line of sight most likely intersects the scattering lobes and the true visual extinction through the dense torus to the central star is actually greater than 100 mag.
At the distance of CRL 618 (1.3 kpc ; et al. an Loup 1993), interstellar visual extinction of only D2 mag is expected based on the 1.8 mag kpc~1 estimate (see, e.g., Whittet
The estimates are wavelength-dependent 1992).
A V (Table 2 ) as expected in a bipolar scattering nebula, and since the scattering lobes are apparent in the visible they have little visual extinction et al. Thus, we conclude that (Latter 1992). most of the extinction is consistent with circumstellar rather than interstellar dust.
3.4 km Absorption Feature
The 3.4 km absorption feature, with its relatively sharp leading edge, maximum absorption of q^0.1 near 3.40 km, and shoulder at 3.48 km strongly resembles the feature seen in the di †use interstellar medium toward the Galactic center (Fig. Using the observed relation between the 2). optical depth, and for interstellar dust in the local (Sandford 1991 ; Pendleton 1994) . these studies, we attribute the 3.4 km feature in CRL 618 to an aliphatic hydrocarbon dust component ; the relative strengths of the 3.38 km and 3.41 km (ÈCH 3 ) (ÈCH 2 È) substructure imply a ratio of 2È2.5 ÈCH 2 È/ÈCH 3 et al. (Sandford 1991) . The processes that convert gaseous acetylene to solid dust grains in carbon-rich red giant outÑows are similar to those occurring in terrestrial soot-producing environments such as hydrocarbon combustion and pyrolysis (Frenklach & Feigelson Thus, one might expect soot-like 1989 . carbon material to be present in the C-rich outÑow from an evolved star. The structure of terrestrial soot consists of aromatic hydrocarbon moieties (i.e., PAHs) bonded by weak van der Waals interactions and aliphatic hydrocarbon bridges. Amorphous carbon materials such as HAC and QCC have a three-dimensional carbonaceous structure consisting of connected aromatic and aliphatic units, and they exhibit a 3.4 km absorption proÐle similar to the interstellar proÐle et al. & (Duley 1994 ; Colangeli 1995 ; Sakata Wada However, the available HAC and QCC spectra 1989). do not match the detailed structure of the CRL 618 spectrum. Apparently, the physical structure of the circumstellar carbonaceous dust di †ers somewhat from that of these laboratory products, presumably reÑecting the di †erence in formation and evolutionary history.
A appears to have the same peak position and width as the standard unidentiÐed infrared (UIR) 3.3 km feature seen in planetary nebulae (see, e.g., et al. and thereNagata 1988 ), fore we identify it as the aromatic C-H stretch vibration. We conÐrm the existence of this feature in CRL 618 at a strength of 3.1^0.3 ] 10~13 ergs cm~2 s~1. UIR bands are not generally observed in AGB stars but are found in some post-AGB stars and in many dusty planetary nebulae. Some post-AGB objects, particularly of late spectral type, show weak 3.3 km UIR emission features, which are often dwarfed by much stronger emission features due to aliphatic groups (at D3.4 km ; & van der Veen Geballe 1990 ; If in post-AGB stars these features are Geballe 1992). emitted by the same carriers in the same locations as the UIR band carriers, these species must contain a large portion of aliphatic groups attached to the aromatic C-backbone. In CRL 618, the two features are not produced in the same location, since one is in emission and one is in absorption. The proÐle of the 3.4 km UIR emission feature in the post-AGB object IRAS 05341]0852 et al. (Joblin di †ers somewhat from the 3.4 km absorption feature 1996) in CRL 618 (Fig. It is possible that, because of the di †er-2). ence in temperature et al. the feature has a (Joblin 1995), di †erent proÐle in absorption than in emission, and/or that in CRL 618 superposition of weak 3.4È3.5 km emission on the absorption partly inÑuences the shape of the feature.
Emission L ines
The detected lines of atomic hydrogen include transitions from the Pfund (n [ 5) series (Tables and  1  2) . Thronson and et al. have demonstrated that the (1981) Latter (1992) hydrogen recombination lines arise in a compact H II region that is visually obscured from our view but is not shielded from ionizing radiation from the central star. On the other hand, the relative intensities of the lines of which arise H 2 , from the v \ 0, 1, and 2 levels and from rotational levels as high as J \ 17, imply that much of the emitting is H 2 excited by collisions, a conclusion reached by previous observers of lines at shorter wavelengths (see, e.g., H 2 However, et al. concluded Thronson 1981).
Latter (1992) that a small fraction of the line emission is excited by H 2 ultraviolet photons in a photodissociation region separating the ionized gas from the surrounding molecular gas. The thermally excited must be largely shielded from the UV H 2 radiation from the central star. on their own match the struc-C 2 H 2 ture in the spectrum of CRL 618, and that the feature is most likely due to a combination of bands from cold 100È 200 K HCN and in the stellar outÑow. The depth of C 2 H 2 the P and R branches depend on the velocity width of the individual rotation-vibration lines ; thus, we infer *l \ 10È 20 km s~1, which places the HCN and in the cool C 2 H 2 AGB wind surrounding this young planetary nebula.
ORIGIN AND EVOLUTION OF THE 3.4 km FEATURE
These observations unambiguously demonstrate that the carrier of the interstellar 3.4 km absorption feature exists in material ejected from some carbon-rich evolved stars. Previously, it has been suggested that the interstellar feature arises in organic residues produced by UV photolysis of dirty ices that originally formed in dark clouds (see, e.g., et al. However, it would be difficult to Sandford 1991) . explain the prior presence of simple ices around a carbonrich object like CRL 618 ; the dust has no oxygen available to form ices and temperatures are too warm for other H 2 O common mantle constituents (e.g, solid CO) to form. Additional evidence against production of the 3.4 km carrier by UV photolysis of ices is the recent discovery by et Adamson al. that the 3.4 km feature along the line of sight (1998) toward the Galactic center is not polarized. Their Ðnding strongly suggests that the 3.4 km band is being produced by very small (unaligned) grains rather than organic mantles on silicate cores. Our observations suggest that carbon stars or their descendants are the source of the carrier of the 3.4 km feature.
We now consider production of the carrier of the 3.4 km feature in carbon-rich stellar outÑows in general and the protoplanetary nebula CRL 618 in particular. In general, the infrared spectra of PNe are dominated by the standard UIR emission features, whereas the spectra of transition As demonstrated by the observed IR 1995). spectra, strengthening of the PAH emission features relative to the total dust emission is accompanied by an overall loss of H and a conversion of aliphatic to aromatic hydrocarbon structure. Both e †ects may reÑect the increased strength of the far-ultraviolet (FUV) radiation Ðeld in the transition phase from AGB to PN ; FUV photons are more efficient than visual photons in exciting the PAHs, and they can also drive the photochemical loss of and sidegroups from ÈCH 3 the PAHs et al. CRL 618 seems to be at an (Joblin 1996) . intermediate stage in this transition. Probably because of its large circumstellar extinction, only a small part of the circumstellar dust/PAHs has been processed and hence the aliphatic spectral characteristics are more prominent than the aromatic ones in its infrared absorption spectrum. Shock implantation of H in C-rich dust will also give rise to aliphatic structure and a 3.4 km absorption feature (see, e.g., et al.
In that case, the 3.4 km band may Tielens 1994). signify the processing of the AGB outÑow material by the fast shock during the post-AGB phase (see below). The spectral di †erence between CRL 618 and the transition objects (3.4 km absorption vs. emission) may also result from the extreme edge-on nature of the torus, and with a more titled geometry the CRL 618 spectrum might show 3.3 and 3.4 km emission features.
The 3.4 km absorption feature has not been detected in cool carbon stars, which are thought to be the progenitors of objects such as CRL 618. The 2 km extinction toward the prototypical cool carbon star IRC ]10216 is estimated to be D6 mag & Rogers & Keady (Martin 1987 ; Ridgway probably comparable to that for the core of CRL 618. 1988), Thus, one might expect the 3.4 km hydrocarbon feature to be detectable toward carbon stars. This suggests that the simple scenario outlined aboveÈcondensation of amorphous carbon dust with a large aliphatic component in the AGB phase that is processed to aromatic dust during the PPN and PN phaseÈmay need some adjustment. Perhaps the appearance of the 3.4 km absorption feature during the transition from AGB to the PN phase reÑects grain processing in shocks caused by fast (^200 km s~1) stellar winds Balick, & Riley and the previously (Frank, 1990) ejected, low-velocity (^20 km s~1) AGB wind.
The discovery of spectroscopic similarity between di †use interstellar and circumstellar organics prompts a reassessment of the origin of organic matter in the ISM. Additional laboratory studies will be very important to determine which of these processesÈC-dust condensation and UV processing or shock processingÈis most important for the formation of the circumstellar 3.4 km carrier. Our observations have shown that UV photolysis of ices is not the only route toward a 3.4 km carrier. Further observations may determine whether the interstellar 3.4 km carrier predominantly results from FUV photolysis of ices, stardust injection, or shock processing of carbon dust. Our results and the absence of the 3.4 km aliphatic hydrocarbon feature in dense molecular clouds et al. (Allamandola 1993 ; Brooke, Sellgren, & Smith Adamson, & Whittet 1996 ; Chiar, 1996) challenge current ideas about the rapid cycling (107 yr ; of material between the di †use ISM and dense McKee 1989) clouds, since such cycling should result in the presence of the aliphatic hydrocarbons in both environments.
Our results raise the question of how much, if any, of the 3.4 km absorption seen in the di †use ISM is actually manufactured in the dense ISM as previously thought. The observed 3.4 km interstellar band requires 3%È4% of elemental C et al.
In addition to CRL 618, (Pendleton 1994) . two groups of evolved objects, the cool post-AGB objects mentioned earlier and certain novae (the so-called class B and D UIR sources ;
show emission features Geballe 1997) , that are nearly identical in spectral proÐle to the 3.4 km absorption feature. Thus in addition to CRL 618Ètype objects, material from these object types may contribute to the interstellar feature. It remains to be determined whether this has produced sufficient material on a Galactic scale to account for the strength of the interstellar 3.4 km feature.
